Background: Age of menarche is variable between women with a median age of 14 years old
Introduction
The age of first menstruation or menarche is a defining reproductive milestone in women but is poorly understood. Biological, genetic and environmental factors influence the age at menarche 1 . Nutrition and physical/athletic activity are known to alter the age at menarche. Age at menarche varies considerably worldwide. In a meta-analysis of data from 67 countries, the mean age at menarche was 13.5 years (SD ± 0.98) with a range of 12.0-16.1 years 2 , and 13-14 years in Central America 2, 3 . Age at menarche has been observed to be higher in low and middle-income countries (LMICs) and is associated with calorie consumption (higher caloric consumption associated with earlier age at menarche) 2 .
Furthermore, many studies demonstrate that increased adiposity is associated with earlier onset of menarche [4] [5] [6] . An older age of menarche is observed in populations with a lower rate of literacy, and Thomas et al. suggest that this is due to the physical activity associated with child labor 2 . High levels of adolescent physical activity, particularly in female athletes, is associated with delayed menarche 7 .
Most countries with longitudinal data observe a decline in age at menarche over time [8] [9] [10] .
For example, data from the US National Health and Nutrition Examination Survey (NHANES) demonstrates that the average age at menarche declined from 12.5 years in 1988-1994 to 12.3 years in 1999-2002 11 . Within the NHANES data, the age of menarche was highest in nonHispanic whites (12.5) and lowest in Hispanics (12.2) and African Americans (12.0).
Precocious puberty is a complex condition and can be caused by abnormal production of sex hormones due to gonadal or adrenal tumors or exogenous exposures. Certain genetic conditions such as McCune-Albright syndrome or mutations in the KIN28, LEP, LEPR, and MRKN3 genes are found in sporadic or familial cases. Also, childhood obesity is associated with earlier onset of female sexual development 12 . However, the condition is rare (1.4-2.3%) and is not related to a geographical location or socioeconomic status 11, [13] [14] [15] .
Materials and Methods
Guatemala is the largest country in Central America with a population of approximately 16 million. The country is divided into 21 provinces known as Departamentos (Departments).
The major population groups are indigenous Amerindians of the Mayan language groups;
Europeans, predominantly from Spain and on the Caribbean coast; African populations such as the Garifuna
16
. Guatemala has a high cervical cancer incidence and mortality and a low rate of cervical cancer screening.
Study populations
Women were recruited at three clinical centers (2 in Guatemala City, and Puerto Barrios in the Deptartment of Izabal) to participate in a study of the HPV prevalence in Guatemala. All healthy women (age 18-89) undergoing routine cytology screening at public clinics and hospitals were invited to participate. 
Statistical analyses
Statistical analyses were performed to determine the effect of year of birth, study site, the number of births and miscarriages, on the age at menarche using a binomial regression model (R version 3.5.0). A total of 5000 permutations were performed to estimate distribution of standardized regression coefficients for the overlap in observed beta coefficient calculated in the binomial logistic regression model. P < 0.05 was regarded as statistically significant.
Results
In a study of HPV prevalence among women receiving cervical cancer screening, including 551 individuals in the city of Puerto Barrios, Guatemala and 2834 from Guatemala City (INCAN), we noticed a large discrepancy in the age at menarche. The participants' mean age at enrollment was 37-45 years in Guatemala ( Table 1) . A total of 486 (88%, 486/551) of the women at Puerto Barrios reported menarche at age 10 or less, whereas only 3.1% (88/2834) of women at INCAN reported precocious menarche (Figure 1) . The high proportion of precocious menarche in Puerto Barrios remained highly significant (p-value<0.0001) after controlling for age at enrollment, number of births, and miscarriages ( To evaluate adverse pregnancy outcomes associated with precocious menarche in Puerto
Barrios and the Department of Izabal we accessed Ministry of Health data for all Deptartments of Guatemala. As displayed in Figure 2 , Izabal accounts for 26% of all births in Guatemala in women under the age of 15, whereas this province has only 2.6% of the total births in the country. The hospital that is the recruitment site for the women of Puerto Barrios also has a high rate of births among females under the age of 15. This hospital reports 70% (7/10) of all births to girls 10 and 11 years of age reported among seven national hospitals, and 56% (31/55) of girls giving birth at age 12 ( Figure 3A ). There is a similarly high rate of miscarriage in girls age 10-14 in Puerto Barrios ( Figure 3B ).
Comment
In a survey of women receiving cytology screening at multiple hospitals in Guatemala, we identified a city (Puerto Barrios in the Department of Izabal) in Guatemala with an extraordinarilly high rate of precocious menarche, 88%. By contrast, precocious menarche is only 3.0% in subjects from Guatemala City, and we can find no reports of such a high prevalence of precocious menarche in general populations samples in any other region of the world.
Comparison of birth year cohorts in Puerto Barrios and Guatemala City shows a consistently high rate of precocious menarche in 18-29, 30-39, 40-49 and over 50-year age groups, indicating that this phenomenon has been occurring in Puerto Barrios for a considerable period. Consistent with other world populations, age groups in Guatemala City show a steady decline in median age at menarche from 14 in women over age 50 to 13 in women under age 40 10 .
Evidence supporting early fertility in this region is demonstrated via national data in
Guatemala in which 26% of the under 15 births occur in the Department of Izabal but only 2.6% of the total births. Furthermore, data from the same Puerto Barrios hospital show a high percentage of the births and miscarriage in 10-14-year-old females reported by national hospitals. This trend is continuing as data on registered births to adolescent women in Guatemala show that Izabal has an excess of births to women age 10-14 compared to Guatemala City or the rest of the country (data not shown, https://osarguatemala.org/embarazos-y-partos-de-madresentre-10-y-19-anos-enero-a-junio-2018/).
Precocious puberty is a rare outcome in women worldwide 4, 21 Barrios of elevated cases of precocious menarche; and a permutation analysis supports this conclusion. Strengths of the study include relatively large sample sizes and confirmatory data from independent databases.
In conclusion, we have identified a city in Guatemala that has a high rate of precocious menarche compared with the main city center (Guatemala City) as well as a high rate of births to women under 15 years of age. Understanding the factors contributing to precocious menarche in this population may be useful in helping to reduce adverse reproductive outcomes in young women in Guatemala. Table 2 . Regression coefficient and 95% confidence interval for the effect of year of birth, study site, number of births and miscarriages on precocious menarche (outcome).
Menarche was defined as a binary variable: Precocious menarche below age 11, Non-precocious menarche age 11 and above; and a binomial logistic model was used for regression. The data from both INCAN Guatemala City and Puerto Barrios were used concurrently in these models.
Outcome: Precocious Menarche
Model including age and study site Number of births to women under age 15 age for hospitals in Izabal, Guatemala City and four other Departaments. B) miscarriages for women age under age 15.
